Several complications have been described following pulmonary artery (PA) catheterization, including thrombus formation, balloon rupture, intracardiac knotting of a catheter and pulmonary artery injuries. 1,2 Ventricular arrhythmias are the most common complication associated with PA catheterization. 1,2 Although catheterinduced persistent ventricular tachycardia and ventricular fibrillation have been reported, 3-s this is the first report describing asystolic cardiac arrest occurring during removal of a PA catheter.
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Case report A 70-yr-old, 52-kg man was scheduled for elective hepatectomy because of hepatic carcinoma. His medical history was unremarkable except for papillotomy for common bile duct stones two years previously. Preoperative assessment, including physical examination, electrolytes, and blood count, was normal. A 12-lead ECG revealed regular sinus rhythm with a heart rate (HR) of 70 beats, min -1 and no conduction disturbance was recognized Upon arrival in the operating room, continuous ECG (lead II), arterial blood pressure (AP), and arterial oxygen saturation monitoring were started. An epidural catheter was inserted from the Tn_12 interspace and 12 ml lidocaine 1.5% with 1:200,000 epinephrine was injected, resulting in a sensory block from T4 to L 3 followed by slowing of HR from 90 beats-min -l to 70 beats .min -1 after 15 min. Ten milliliters of the same local anaesthetic solution were added every hour during the operation. General anaesthesia was induced with thiamylal iv and maintained with isoflurane and nitrous oxide in oxygen. Vecuronium provided neuromuscular relaxation. A 8.0-French catheter introducer was inserted into the right intemal jugular vein and a 7.0-French thermodilution flow-directed PA catheter (Baxter Healthcare Corp., Irvine, CA), which was not heparincoated, was placed through the introducer while monitoring the pressure wave without complications. No haemodynamic problems were encountered throughout the operation. Pulmonary capillary wedge pressure was maintained between 13 and 17 mmHg throughout the operation.
The operation was concluded after six hours, at which CAN J ANAESTH 1996 /43:9 /pp 972--4 time the PA catheter was removed. No abnormality in ECG including left bundle branch block was seen before removal of the PA catheter. Immediately after, the patient developed profound sinus bradycardia (HR, from 100 beats.min -j to 30 beats.min -1) and hypotension (AP, from 120/65 mmHg to 60/25 mmHg). Immediate administration of 5 mg ephedrine iv failed to increase HR and AP. In a few seconds, asystolic cardiac arrest followed. Chest compressions were begun, and the patient's lungs were ventilated with 100% oxygen. Epinephrine, 0.1 mg, and atropine, 0.5 mg, were administered iv. Cardiac rhythm was detected approximately two minutes after the onset of asystole, followed by sinus tachycardia (150 beats.m in -1) and systemic hypertension (180/110 mmHg). Nicardipine, in 0.5 mg iv increments, was used to control AP. The HR subsequently stabilized between 100 and 120 beats.min -~. Serum electrolytes, arterial blood gas analysis and haemoglobin concentration were unremarkable. Because there were no signs of acute cardiac tamponade, such as jugular veins distention, a paradoxical pulse, and a low-voltage QRS complex, we did not carry out an echocardiogram. The patient was transferred to the intensive care unit with his trachea intubated. He had no further episodes of bradycardia. A 12-lead ECG and serum enzymes were normal. There was no detectable neurological deficit. Damen 9 reported that the incidence of ventricular arrhythmias during insertion of PA catheters was 66%, 9 and similar to the incidence during removal. A ventricular premature contraction exhibiting R on T can initiate ventricular tachycardia or fibrillation. However, it seems unlikely that bradycardia followed by asystole occurred immediately after ventricular arrhythmia. In addition, no ventricular arrhythmia was observed at removal of the PA catheter in our patient. The abrupt onset of bradycardia and asystole suggests a reflex phenomenon. Stimulation of the carotid sinus by stretching increases parasympathetic activity and decreases the heart rate. Thus, compression of the neck during and after removal of the PA catheter could induce a parasympathetic reflex. The patient received thoracic epidural anaesthesia with an anaesthetic level _>T4, which blocked cardiac sympathetic fibres and this may emphasize the parasympathetic reflex.
Discussion
Mackey et al., l~ reported profound bradycardia and asystole following spinal anaesthesia and suggested that the Bezold Jarisch reflex was a possible cause. The classical Bezold Jarisch reflex arises from mechanoreceptors and chemoreceptors located primarily in the inferoposterior wall of the left ventricle. Stimulation of these receptors, by stretching or chemical substances, increases parasympathetic activity and inhibits sympathetic activity, producing bradycardia, systemic vasodilatation and hypotension) ~ The Bezold Jarisch reflex is also reported to be induced by pulmonary embolism) I Thrombosis is one of the most common complications associated with the PA catheter) 2,13 Thus, when the catheter is removed, the thrombi might embolize in the pulmonary circulation and cause a Bezold Jarisch reflex. Our use of a non-heparin-coated PA catheter seems to strengthen this ,possibility. Increased parasympathetic activity by compression of the neck and epidural anesthesia may emphasize the reflex and cause bradycardia to proceed to asystole.
Sudden cardiac arrest has been reported in patients with autonomic dysfunction) ~ Although the patient had no accompanying clinically apparent autonomic dysfunction, he was 70-yr-old and aging impairs autonomic function) 4 Decreased sensitivity to 13-adrenergic receptors accounts for the endogenous [3-adrenergic blockade of aging. Elderly patients have a lower chronotropic response to isoproterenol than the young. The underdamped and less tightly self-regulated autonomic nervous system in the patient could be, at least in part, responsible for the propensity for bradycardia and asystole.
We conclude that asystole can occur during removal of a PA catheter. Although the exact pathophysiological mechanism of asystole is not known, risk factors for this phenomenon are thought to be high epidural blockade, thrombus formation on the PA catheter, and aging which increase parasympathetic activity. We recommend that the PA catheter be removed in an environment where drugs for treatment of asystole, such as atropine and epinephrine, are avaliable. Moreover, care should be taken to avoid excessive compression of the carotid sinus.
